Percutaneous and minimally invasive surgery is one of the greatest advances in the operating field of orthopedic since the late 1990s. The potential advantages include a shorter operative time, quicker recovery, and reduced hospital stay compared with traditional open surgery. However, scientific validation of the safety and efficacy of hallux valgus (HV) percutaneous surgery remains inconclusive. The objective of the present study was to systematically review the published data and clinical evidence for percutaneous HV surgery, evaluate the scientific method of the reports, and clarify the indications, safety, efficacy, and potential risks of these surgical techniques. Two reviewers independently identified the studies using a PubMed search, with the keywords "hallux valgus," "osteotomy," "minimally invasive," and "percutaneous." Quality assessment was performed using the Coleman methodology scale, and each study was assigned a level of evidence and grade of recommendation. Eighteen studies were included and reported a total of 1534 procedures for percutaneous HV surgery on 1397 patients. Of the 18 studies, 14 (77.8%) were level IV, 2 (11.1%) were level III, and 2 (11.1%) were level II. Overall, the average angle correction of the HV deformity improved postoperatively. Regarding the complications, although some investigators revealed no major complications, others described deformity recurrence in 7.8%, stiffness of the first metatarsophalangeal joint in 9.8%, malunion in 4% to 8.7%, and infection rates ranging from 1.9% to 14.3%. The main indication for percutaneous HV surgery is the correction of mild deformities. The complication rate was elevated even in experienced surgeons. In conclusion, future research in percutaneous techniques should include adequately sized randomized control trials, standardization of treatment protocols, and the use of validated tools for the measurement of clinical outcomes.
experienced because of inflammation of the bursa overlying the medial eminence and irritation of the dorsal cutaneous nerve (2) .
More than 150 procedures have been described for conventional surgical treatment of HV (3) . Surgical correction has been performed using many techniques that are often conceptually very different (4) . Therefore, the surgical option is not unique and the variety of choices has been dictated by the multiplicity of causal factors and the surgeon's personal preference (5) .
Minimally invasive surgery has increased in popularity in all fields of orthopedic and trauma surgery. The advantages include potentially decreased recovery and rehabilitation times, reduced operative times, and less stress to the patient. It has been referred to by several different names, including minimally invasive surgery, percutaneous surgery, and microsurgery. The concepts should not be used interchangeably. Percutaneous forefoot surgery (PFS) is performed through the smallest possible working incision without direct visualization of the underlying target structures, and minimally invasive surgery is performed through the smallest incision necessary to perform the procedure (6) . In practice, PFS is performed through millimetric incisions (1 to 3 mm long) using the surgeon's tactile senses and a mini-blade for soft tissue dissection and power rotary burr for osseous procedures, most commonly under intraoperative fluoroscopic guidance.
The percutaneous procedure has evolved from the traditional Kramer open technique (7) . The technique included a distal lateral translational osteotomy that was secured with a Kirschner wire placed in the medial soft tissue of the proximal phalanx and passed across the MTPJ into the intramedullary canal, simultaneously pushing the metatarsal head laterally. In the 1990s, B€ osch et al (8, 9) developed the percutaneous technique, performing a "Kramer-like" osteotomy by perforating the subcapital cortex of the metatarsal and manually breaking it. Magnan et al (10) used the micromotorized Lindermann Ò bone cutter (Aesculap, Tuttlingen, Germany) for the same osteotomy. In the United States, Stephen Isham modified the Reverdin osteotomy by performing a medial wedge osteotomy in the head of the first metatarsal at an angle from dorsally and distally, just proximal to the articular surface on the dorsal aspect of the head, to plantarly and proximally to a point just proximal to the articular surface on the plantar aspect of the first metatarsal head, to align the first ray by medial rotation of the first metatarsal head and distal metatarsal articular angle (DMMA) correction (11) . This technique experienced few modifications and was highly diffused in Europe.
The current question is whether it is justifiable to use percutaneous HV surgery from the actual medical data. Despite all the available percutaneous techniques on the correction of HV, scientific validation of the safety and efficacy of these techniques remains inconclusive. Some systematic reviews on the topic have been reported (6, 12, 13) ; however, its use remains highly controversial owing to the limited evidence.
The aim of the present systematic review was to establish the safety and efficacy of PFS for correction of HV deformity, evaluating the scientific methods of recent reports, to provide a clear choice of the best technique for every case.
Materials and Methods
Two of us (A.B., F.G.P.) independently identified studies written in English, French, Portuguese, or Spanish using a systematic search of PubMed with a combination of the following key words: "hallux valgus" and "osteotomy" and "minimally invasive" or "percutaneous." All studies relevant to the subjects were retrieved, and their reference lists were carefully reviewed to find additional references of this subject. Eligible studies were required to report the treatment results of patients with HV treated by PFS. Only studies reported in peer-reviewed journals were included in the present systematic review.
The exclusion criteria were systematic and theme reviews, open and minimally invasive surgery techniques, infant patients, cadaveric and biomechanical studies, other forefoot pathologic features, commentaries, technique descriptions, case series with <5 patients, and studies for which the full text could not be retrieved. Data from Wright et al (14) . (14) . (17) .
* Only 1 score allowed for each section (n ¼ 6). y Scores allowed for each option in each section (n ¼ 3), if applicable.
Each study to be included in the present review was then assigned a level of evidence from I to V (Table 1 ). The published data were reviewed, and a grade of recommendation (A to C, I) was assigned to each intervention of interest, using the revised classifications of Wright (Table 2 ) (14-16).
A quality assessment of the included studies was performed using the modified Coleman methodology scale (CMS) ( Table 3) , which is based on the subsections of the Consolidated Standards of Reporting Trials statement (17) . The reporting of the present systematic review was also in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (18) .
Results
A total of 77 citations were obtained from the PubMed search. An additional 36 studies were obtained from the reference lists of the included studies. The study selection process and reasons for exclusions are summarized in the The main objective in selecting these studies was to determine the overall angle correction postoperatively, the clinical score evaluation (American Orthopaedic Foot and Ankle Society [AOFAS] AnkleHindfoot scale), and specific complications from percutaneous surgery (i.e., recurrence of deformity, malunion, excessive metatarsal shortening, infection [related or not to additional hardware used for temporary fixation]), among others.
The mean CMS score was calculated for the 18 studies included in the present systematic review. Most studies had some methodologic limitations with an average CMS score of 43.8 (range 17 to 62; Table 4 ) (3, (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) .
The evaluation of the clinical outcomes was performed using the AOFAS Ankle-Hindfoot scale score in 12 studies and the ManchesterOxford Foot Questionnaire in 1 study (3) . Five studies did not accurately measure the clinical outcomes (19) (20) (21) (22) (23) . Of the 18 selected studies, 14 were level IV, 2 were level III, and 2 were level II. The 2 level III studies compared the B€ osch osteotomy with the scarf (24) and Kramer (23) The grade of recommendation assigned by evaluation of the studies of PFS is summarized in Table 5 . We found fair evidence (grade B) in support of the Reverdin-Isham and Magnan osteotomies but fair to poor evidence (grade C) for the B€ osch osteotomy. Compared with other open techniques, such as Kramer and scarf, the B€ osch osteotomy showed fair evidence (grade B) regarding the clinical and radiologic results. However, poor evidence (grade C) remains in support of double osteotomy and percutaneous chevron osteotomy for moderate to severe HV correction.
Data from the available studies are reported in Table 6 . Overall, the average correction of the HV angle (HVA) improved from a preoperative value of 29 (4) 22 full-text articles excluded: Tables 7 and 8 . The main complications with the Reverdin-Isham osteotomy were the recurrence of HV and fractures of the phalanx. Some cases of regional complex syndrome were also reported. For the techniques using a Kirschner wire as the fixation method (i.e., B€ osch, Magnan, double osteotomy), the main complications were infection, superficial skin inflammation, and joint stiffness due to temporary fixation of the metatarsophalangeal articulation. Fewer complications were reported in the studies of chevron percutaneous osteotomy; however, that technique lacked additional retrospective or even prospective studies comparing the chevron technique with other techniques already described.
Discussion
The results of the present systematic review have reinforced the idea that most of the available evidence in the reported studies is observational and consisting of case series (level IV) (6, 12, 13) . Of the 18 studies selected, only 2 were prospective studies of percutaneous surgery with level II evidence, 1 comparative (25) and 1 multicenter (26) . The homogeneity among the reviewed studies was scarce and a major limiting factor toward generalizing the available evidence. Percutaneous HV surgery consists of a wide variety of procedures, with most including a distal metatarsal osteotomy with percutaneous lateral release and a proximal phalanx osteotomy.
Distal metatarsal osteotomies are indicated, in particular, for correction of mild to moderate HV (36) . To correct severe deformities, it is necessary to double the osteotomy (base and distal) and to use hardware to fix the osteotomies, with the resulting risk of recurrence and infection (30) .
In general, good correction of the HV deformity was found, with improvement in the HVA, IMA, and DMAA, and clinical improvement shown by the AOFAS scale score, in the included studies. However, regarding the complications encountered after percutaneous HV surgery, we found conflicting reports. Although some investigators reported no major complications with the procedure (3,31,32), others described significant complications, including recurrence of the deformity in 7.8% (29) , stiffness of the first MTPJ in 9.8% (22) , malunion ranging from 4% (33) to 8.7% (21) , and infection rates ranging from 1.9% to 14.3%.
Two studies on percutaneous double metatarsal osteotomy by D ıaz Fern andez (30) and de Lavigne et al (27) included higher grade HV deformities. The study by D ıaz Fern andez (30) included 42 patients with a complication rate of approximately 19% (3 recurrences in patients with a preoperative higher level HV, 1 superficial infection, 1 nonunion, 1 progression to hallux varus, 1 complex regional pain syndrome, and 1 case of osteosynthesis loosening). D ıaz Fern andez (30) had used a Kirschner wire to fixate both osteotomies, which is a less stable fixation technique that might explain the recurrences. The study by de Lavigne et al (27) included only 6 patients (6 procedures), and they used screw fixation for both osteotomies. These 2 factors (few patients and internal fixation) also explain the lack of complications reported in these studies.
Three studies compared percutaneous and open techniques: Magnan versus chevron (25) , B€ osch versus scarf (24) , and B€ osch versus Kramer (23) . Regarding the incidence of complications, the Magnan and B€ osch techniques resulted in greater rates of infection, skin inflammatory reactions, nonunion, and joint stiffness. Joint stiffness can result from the position of the Kirschner wire because it passes near the MTPJ and blocks its mobility for 4 to 6 weeks.
In a study by Cervi et al (31) , DMMA overcorrection was the major complication of the Reverdin-Isham procedure. The investigators described 12 first metatarsal fractures and 9 first phalangeal fractures (30) 42 ( in a total of 184 operated feet, probably related to rupture of the lateral cortex (31) . In percutaneous chevron osteotomy, most cases of HV can be corrected (mild to severe grades), because it corrects the metatarsus varus, MTPJ valgus, DMAA, and joint incongruence. However, the main risk associated with the chevron osteotomy is excessive shortening of the first metatarsal, owing to the thickness of the burr. In addition, in the absence of intrinsic stability of the osteotomy when the cuts are short, a risk of secondary displacement exists, with elevatus, loss of correction, and medial rotation if the plantar cut is too short (3, 19) . This procedure is currently the focus of research and early outcome evaluations.
Metatarsal shortening in percutaneous surgery is a main theoretical concern in the published data (37) . However, in the studies included in the present systematic review, the mean amount of shortening was 2 to 7 mm. Also, none of the investigators correlated the shortening with worse clinical outcomes (i.e., transfer metatarsalgia).
The clinical outcome measures used are of fundamental importance when evaluating the success of a surgical procedure. For HV surgery, the postoperative assessment commonly includes clinical and radiologic examinations. The AOFAS scale score was the most common clinical outcome measure used in the included studies and in most case series that performed retrospective collection of the preoperative data. This could have the potential to overestimate the improvement achieved using the AOFAS scale (38) . Although the AOFAS scale is the most famously used in research, the ManchesterOxford Foot Questionnaire has recently been validated and has shown better responsiveness (39) .
Radiologic assessments should be reviewed with caution. The studies in the present review included measurements of the HVA and IMA. However, the DMMA was measured in only 6 of the 18 studies included in the present systematic review (20, 22, 24, 26, 28, 32) . This was because of its poor inter-and intraobserver reliability (40, 41) . In addition, the radiologic outcome might not be a true reflection of the clinical outcome (42, 43) .
In conclusion, percutaneous management of HV involves several procedures, depending on the degree and reducibility of the deformity, digital formula used, and presence or absence of symptoms related to the lateral rays. Interest in percutaneous surgery has been increasing, for both patients and surgeons. The number of procedures performed and number of surgeons performing them have also been increasing. In addition, studies reporting on the results of percutaneous surgery have been more frequent. Nevertheless, some caution should be advised.
For example, the complication rate has been elevated even for experienced surgeons, and greater rates can be expected during the initial learning curves. Few evidence studies have been reported, and future research should include adequately sized randomized control trials (levels I and II), standardization of treatment protocols, and the use of validated tools for measurement of clinical outcomes before percutaneous techniques for surgery of the first metatarsal can be validated. gery: strengths and weakness in our clinical experience. Acta Biomed 85(suppl 2):121-125, 2014. Table 8 Complications of hallux valgus percutaneous surgery stratified by fixation type and technique 
